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1 
This invention relates to a.n optlcal objective, 
Intended more especially but hOt excluslvely for 
photographlc purposes, corrected for spherical 
and chromatlc aberrations, coma, astlgmatism, 
fleld curvature and distortlon, and comprlsing 
two divergent compound merdscus components, 
each consisting of a convergent element and a 
divergent element, located between two simple 
convergent components. It has been proposed in 
such objectives to control zonal spherical aberra- 
tion by sultable arrangement of the cemented 
surfaces in the Inner components in relation to 
the mean refractlve indices of the materlals used 
in such components. In practice, however, It bas 
usually been found that thls aberration can only 
be reduced in this way at the expense of oblique 
spherlcal aberration. 
The present invention has for its object to pro- 
vide an improved objective of this kind, well 
corrected for a narrow fleld, but having a higher 
degree of correction than hitherto for all chro- 
matc aberratlons and for both zonal spherical 
aberration and oblique spherlcal aberration. 
One way of achleving such a result forms the 
subject of the present applicant's copending 
patent application of the United States of America 
Seria] No. 153,517, flled April 3, 1950, by rep]aclng 
the simple outer components of the objective by 
suitably arranged compound components. In the 
present invention the deslred result Is obtained. 
whi]st still employtng simp]e outer components. 
In the objective accordlng to the present in- 
vention, tire four convergent e]ements of the 
ob.|ective are all made of materlals having mian 
refractlve indices between 1.35 and 1.50 and Abbé 
V numbers between 70 and 110, whilst at least one 
of the air-exposed surfaces of the objective is 
aspherical and of such a shape that at any radial 
distance from the optical axls the thickness of 
the associated element is slightly greater than 
it would be with a true spherlcal surface whose 
curvature is the same as that at the vertex of 
the asplerical surface. The shape of the aspher- 
Ical surface, or of each aspherlcal surface, Is pref- 
erably such that at any radial distance from the 
axls the extra thlckness of the associated element 
due to the asphericity does not exceed .03 times 
such radial distance. 
It should be mentioned that the use of an 
aspherlcal surface or surfaces in thls way hot only 
enables good correction to be provlded for zonal 
spherical aberration, but also permits correction 
of the additlonal astlgmatlsm Introduced by pro- 
viding good correction elsewhere in th¢objective 
for oblique spherlcal aberration, 

2 
The aspherlcal surface, or each aspherlcal sur- 
face, preferably, consists of a surface of revolu- 
tion generated by rotation about the optlcal axls 
of a curve of the form /2----«c-t-bc2-t- . . . higher 
5 powers of c, where the ./-coordlnate represents 
radial distances from the optlcal axis and the 
c-coordinate distances from the vertex along such 
axis, whilst OE, b . . . are constants. It is often 
convenient to confine the shape of the surface 
]0 to that generated by rotation of a conic section, 
in which case there will be only two terms on the 
right-hand side of the equation, OE then repre- 
senting twice the radius of curvature of the sur- 
face at the vertex, whilst b Is a measure of the 
15 eccentrlcity. Thus the surface will be hyperboloid 
when b Is positive, a parabolold when b Is zero 
and an ellipsoid when b Is negatlve, the true 
spherical shape occurrlng when b-------l. 
The materials used in the divergent Inner c0m- 
20 ponents should preferably be such that in each 
such comportent the mean refractve index of the 
material of the divergent element exceeds that 
of the convergent element by between .05 and .15 
whilst the Abbé V number of the mterial of the 
25 convergent element exceeds that of the divergent 
element by between 30 and 55. 
I is especially advantageous to choose materials 
for all the elements of the objective such that 
the relative partial dispersion for any two wave- 
30 lengths of the materlal used for one element of 
the objective, as deflned by the expression 
(i--2)/.(F--c) ,. where i and 2 are the re- 
fractive indices of the material for such two 
wavelenghs and nF and ne are the refractive 
35 indices of the material respectively for the spec- 
trum lines F and C, is approximately the same as 
those for the same two wavelengths of the ma- 
terials used for the other elements of the objec- 
tive. Preferably the materla] used for each con- 
40 vergent element of the objective has relative par- 
tial dispersions substantlally greater than those 
of usual glasses having slmilar Abbé V numbers, 
and crystalline calcium fluoride is especially use- 
ful for the convergent elements when used in 
45 conjunction with divergent elements made of 
glasses having approximately similar relative par- 
tial dispersions. 
Thus, crystaliine calcium fluorlde has mean re- 
fractive index 1.43389 and Abbé Vnumber 95.4 
50 and one convenient flint glass for use with It has 
mean refracive index 1.53042 and Abbé V hum- 
ber 52.0. The relative partial dispersions for the 
 two wavelengths represented by the C and OE 
spectrum lines for calclum fluoride and for thls 
55 flin glass are respectively .301 and .304, those 
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for the lines OE and e are .242 and .237, those for 
the lines e and F are .457 and .459, and those for 
the lines F and g are .543 and 549. 
The axial air separation between the inner sur- 
faces of the two divergent inner components con- 
veniently lies between .12 and .20 rimes the 
equivalent focal length of the objective. Prefer- 
ably the axial thickness of each of the divergent 
inner components lies between .16 and .26 rimes 
the equivalent focal length of the objective, and 
the two innermost surfaces (that is the rear sur- 
face of the front divergent component and the 
front surface of the rear divergent component) 
are dispersive, the sum of the powers of these 
surfaces lying between 4 and 6 rimes the equiva- 
lent power of the objective The sum of the 
powers of the rear surface of. the front convergent 
component and of the front surface of the rear 
convergent component is preferably collective and 
lies between .4 and 1.0 tlmes the equivalent power 
of the objective. Conveniently, the sum of the 
powers of the two convergent outer components 
lies between 1.8 and 2.6 times the equivalent 
,power of the objective. 
A convenient practical example of symmetrical 
copying objective according fo the invention is 
illustrated in the accompanying drawing, and 
numerical data for this example are given in the 
following table, in which Rx R . . . represent 
the radii of curvature of the individual surfaces, 
the positive sign lndicating that the surface is 
convex fo the front and the negative sign that 
the surface is concave thereto, Dx I... repre- 
sent the axial tiùcknesses of the various elements, 
and Sx S $3 represent the axial air separations 
between the components. The tables also give 
the mean refractive indices for the D-line and 
the Abbé V numbers of the materials .used for 
he elements. In the case of an aspherical sur- 
face, the table gives, instead of the radius of 
curvature, the equation to the generattng curve 
of the surface. 

Equivalent focal length 1.000. Relative 
Aperture F/l.8 

Thickness or 
Radius Air Separa- 
tion 
RI=-[-. 4913 
DI. 1330 
R2----l. 2503 
 7806z 
Sï. 1615 
R--5. 9389 
D,. 161 
 6293 
 7806z * 

Refractive 
Index D 

1.43389 

1.43389 
1, 53042 

1. 53042 
1. 43389 

1.43389 

Abb V 
ber 
95.4 

05. 4 
 52. 0 

52. 0 
05. 4 

95.2 

The objective in this example is a symmetrical 
copying objective with unity magnlflcation, but 
if will readily be appreciated that the dimensions 
can be modifled to give a different magniflcation, 70 
if desired. 
The relative aperture of an objective is usually 
deflned as the ratio of the equivalent focal length 
F fo the .diameter of the entrance pupil OE. In 
the case of an object ai  inflnity the diameter of 75 

4 
the entrance pupil d becomes the effective dtam- 
eter of the front surface of the objective, but in 
the case of flnite conjugates it is convenient to 
deflne OE by the expression 2F(M÷I) Sin o x, where 
5 M is the magniflcation and 0x is the angle be- 
tween the optical axis and the extreme marginal 
emergent ray forming an axial image point. 
will be clear that this deflnition conforms to the 
usual àeflnltion in the case when the object 
10 at infinity, since in that case M=0 and 
Sin sx. In the example the relative perure bas 
been given as F/l.8 in the sense just deflned, 
but it will be understood .that the effective diam- 
eter of the front surface of the objective will. not 
15 necessarily be F/l.8. 
In the above example, two surface} are marie 
aspherical, namely the front surface of the front 
divergent component and the rear surface of the 
rear divergent component. The radius of curva- 
20 ture ai the verex of each of these surfaces is 
about .3146 rimes the equivalent focal length of 
the objective, and the convergent element of each 
divergent comportent is slightly thicker away 
from the optical axis than it would have been 
with a spherical ouer surface of such radius. 
25 The surface is in the form of an ellipsoid of 
revolution. 
The four convergent elements of the objective 
are allmade of crystalline calcium fluoride and 
the two divergent elements are each made of the 
30 fllnt glass mentioned above having approximately 
the saine relative partial dispersions as calcium 
fluoride. 
The two innermost surfaces Rs Rs are both dis- 
persive, the power of each of these surfaces being  
35 2.545 rimes the equivalent power of the objective. 
The inner surfaces R2 l of the two outer com- 
ponents are both collective, the power of each of 
these surfaces being 347 rimes .the equivalent 
.power of the objective. 
40 The power of each of the two outer components 
is 1.09 rimes the equivalent power of the objective 
t will be appreciated that this example may 
be modifled in a vartety of ways within the scope 
of the invention. Thus for example one or more 
45 other air-exposed surfaces of the objective may 
be ruade aspherical, if desired, either instead of 
or in addition to the thlrd and eighth surfaces, 
the asphericity in each case having the elïec of 
slightly increasing the thickness of the associated 
50 element away from the optical axls. 
The insertion of equala (=) signs in the radius 
column of the table, in company with plus (÷) 
and minus (--) signs which indicate whether the 
surface ls convex or concave fo the front, is for 
55 conformity with the usual atent omce custom, 
and If is to be understood that these signs are 
n0t to be interpreted wholly in their mathemat- 
ical signiflcance. Thls sign convention agrees 
With the mathematical sign convention required 
60 for the computation'of some of the aberrations 
including the primary aberrations, ,but dilïerent 
mathematical sign conventions are required for 
other puroses includtng computation of some of 
the secondary aberrations, so that a radius indt- 
65 cated for example as positive in the table may 
have fo be treated as negative for some calcula- 
tions as is well unàersod in the ar. 
What I claire as my invention and desire fo 
secure by Letters Patent is: 
1. An optical objective corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
fleld curvature and distortion, and compriing 
two simple convergent outer components, the 
sure of the powers of the rear surface of the front 
convergent component and of the front surface 
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of the rear convergent componen being collective 
and lying between .4 and 1.0 rimes the equivalent 
power of the objective, wo compound divergent 
inner components located between the two outer 
comonents and each comprising a convergent 5 
element and a divergent element ruade of a mate- 
rial whose mean refractive index exceeds that 
of the associaed convergent element by between 
.05 and .15, and a.a. iaphragm between 
the arihmei6 mean between 10 
-fle curvatures of tbe infernal contact surfaces 
in the two compound inner component lying 
be¢ween ÷.5 and --.5 rimes the eqaivalent power 
of the ob.|ectives (a curvature for this purpose 
being reckoned as positive when the surface is !5 
concave towards the diaphragm and as negative 
when the surface is convex towards the dia- 
phragm), the four convergent elemens of the 
objective all being ruade of materials having 
mean refracive index .between 1.35 and 1.50 and 20 
Abbé V number beteen 70 and 110, whils at 
least one of the air-exposed surfaces of the 
objective is aspherical and of such a shape that 
at an.v radial distance from the optical axis the 
thickness of the associated element is slighly 
greater than it would be with a true spherical 
surface having the saine curvature as that at the 
verex of the aspherical surface. 
2. An optical objective corrected for spherical 
and chromatic aberrations, coma, astigmatism, 30 
fleld curvature anddistortion, and comprising 
two simple convergent outer components, the sum 
of the powers of the rëar surface of the front con- 
vergent componen and Of the front surface of 
the rear convergent comportent being collective 
and lying between .4" and 1.0 rimes the equlvalent 
power of the objective, two compound divergent 
inner component located between the two outer 
components and each compriing a convergent 
element and a divergent element ruade of a mate- 40 
rial whose mean refractive index exceeds that of 
the associated convergent element by between .05 
and .15 and whose Abbé V number is less than 
tha of such convergent element by between 30 
and 55, and a diaphragm between the two inner 
component, the arithmetic mean between the 
curvatures of the internal conoEct surfaces in 
the two compound inner components ],ring be- 
tween -.5 and --.5 rimes the .equivalent power 
of the objective (a curvature for this purpose 50 
being reckoned as positive when the surface is 
concave towards the diaphragm and as negative 
when the surface is convex towards the dia- 
phragm), the four convergent elements of the 

objective all being ruade of matertals having 
mean refractive index between 1.35 and 1.50 and 
Abbé V number between 70 and 110, whflst at 
least one of the air-exposed surfaces of the objec- 
tive is aspherical and of such a shape that ai any 
radial distance from the optical axis the thickness 
of the asseciated element is slightly greater by 
an amoun hot exceeding .03 rimes the said radial 
distance than it would be with a true spherical 
surface having the same curvature as that' at the 
vertex of the aspherical surface. 
3. An optical objective as claimed in claire 1, 
in which the axial air separation between the 
inner surfaces of the two divergert inner com- 
ponents lies between .12 and .20 rimes the equiva- 
lent focal length of the objective. 
4. An optical objective as claimed in claire 1, 
in which the axial thickness of each of the diverg- 
ent inner componen lies between .16 and .26 
rimes the equivalent focal length of the objective. 
5. An optical objective as claimed in claire 4, 
in which he two innemost surfaces, that is the 
rear surface of the front divergent comportent 
and the front surface of the rear divergent com- 
portent, are dispersive, and the sure of the powers 
of these two surfaces lies beween 4 and 6 rimes 
the equivalent power of the objective. 
6. An optical objective as claimed in claim 2, 
in which the axial air separation between the 
inner surfaces of he two divergent inner com- 
ponents lies between .12 and .20 rimes the equiva- 
lent focal length of the objective, and the axial 
thicknes.s of each of such inner component lies 
between .16 and .26 rimes such equivalent focal 
length. 
7. An optical objective as claimed in claire 1, 
in which the sum of .the ,powers of the two con- 
vergent outer components lies between 1.8 and 
2.6 rimes the equivalent power of the objective. 
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